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Gravity perception in cerebellar patients
Abstract
Patients with midline cerebellar atrophy typically suffer from impaired postural balance. We asked
whether this deficit is, in part, caused by a deficient perception of body position relative to gravity, and
therefore measured the subjective visual vertical (SVV) in patients with degeneration predominantly of
the midline cerebellar structures (n=11) and age-matched healthy human subjects (n=9). On a motorized
turntable, subjects were placed in different roll positions [0, 75 degrees right ear down (RED), 75
degrees left ear down (LED)] and had to align a luminous arrow with the perceived earth-vertical. Both
SVV deviations and intra-individual SD of SVV adjustments were not significantly different between
patients and age-matched controls. Our findings suggest that the perception of verticality in patients
with cerebellar ataxia may only deteriorate in a more advanced stage of the disease. To which degree the
deterioration of perceived vertical is caused by a collateral vestibular impairment, awaits further
clarification.
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ABSTRACT 
Patients with midline cerebellar atrophy typically suffer from impaired postural balance. We 
asked whether this deficit is in part caused by a deficient perception of body position relative 
to gravity and therefore measured the subjective visual vertical (SVV) in patients with 
degeneration predominantly of the midline cerebellar structures (n=11) and age-matched 
healthy human subjects (n=8). On a motorized turntable, subjects were placed in different roll 
positions [0, 75° right ear down (RED), 75° left ear down (LED)] and had to align a luminous 
arrow with the perceived earth-vertical. Both SVV deviations and intra-individual SD of 
SVV-adjustments were not significantly different between patients and age-matched controls. 
Our findings suggest that the perception of verticality in patients with cerebellar ataxia may 
only deteriorate in a more advanced stage of the disease, whereas postural imbalance is often 
an early sign. To which degree the deterioration of perceived vertical is caused by a collateral 
vestibular impairment, awaits further clarification.  
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INTRODUCTION 
Head and body orientation in space relative to the gravity vector is continuously assessed by 
several sensory systems (mainly by the semicircular canals, the otolith organs and the 
somatosensory and visual systems), integrated within the central graviceptive pathways 
(CGP) and appropriately adapted by the motor systems to maintain postural stability. CGP 
consist of several brainstem areas (Brandt and Dieterich, 1987; Dieterich and Brandt, 1992; 
Halmagyi et al., 1990), posterolateral thalamic areas (Dieterich and Brandt, 1993), and 
cortical areas, e.g. within the posterior insula (Brandt et al., 1994; Yelnik et al., 2002). It is 
likely that certain cerebellar structures are also part of the CGP (Mossman and Halmagyi, 
1997). Lesions within the GCP result in misperception of the gravity vector and therefore lead 
to specific changes in gravity-dependent reflexive responses, both within the ocular motor 
system (resulting in skew deviation and ocular torsion) and posture (resulting in head tilt and 
lateropulsion). However, not only brainstem reflexes may be altered by lesions, but also the 
perceived gravity vector, as assessed by the subjective visual vertical (SVV), may be 
systematically shifted in these patients using psychophysical tasks as the subjective visual 
vertical (SVV) (for a review see Howard, 1982). Whereas shifts in perceived vertical have 
been systematically studied in patients with brainstem lesions (Dieterich and Brandt, 1992), 
corresponding studies in cerebellar patients are rare, most likely because cerebellar structures 
have only recently been considered to belong to the GCP. A precise estimate of self-
orientation relative to the gravity vector is crucial for balance control. In patients with midline 
cerebellar pathologies, typically suffering from impaired postural control, besides gait ataxia 
and downbeat nystagmus (for review see Leigh and Zee, 2006), an impairment of the GCP 
could result in erroneous tilts of the perceived gravity vector. In two patients with acute 
unilateral vascular lesions of cerebellar structures and diminished balance, contraversive tilts 
of SVV together with ocular torsion have been reported by Mossman and Halmagyi (1997). 
Here we asked whether impaired balance in cerebellar patients is in part caused by a deficient 
perception of body position relative to gravity. 
MATERIAL AND METHODS 
We included 9 age-matched healthy human subjects (3 females, 6 males; aged 66 ± 6 years, 
average ± 1 SD) and 11 patients with cerebellar degeneration predominantly of the midline 
cerebellar structures (4 females, 7 males; aged 67 ± 9 years). Subjects were placed upright in 
a turntable with three servo-controlled motor driven axes (Acutronic, Jona, Switzerland). A 4-
point safety belt was used to secure subjects. The head was restrained in the straight-ahead 
position with a thermoplastic mask (Sinmed BV, Reeuwijk, The Netherlands). Experiments 
were performed in otherwise total darkness. Subjects were asked to rapidly (< 6s) adjust the 
orientation of an arrow (9.5° long) to earth-vertical by turning a knob. The starting roll 
orientation of the arrow was offset clockwise (CW) or counterclockwise (CCW) by 40°, and 
60° respectively. Adjustments of the arrow were tested in three different body roll orientations 
in pseudo-randomized order [upright; 75° right-ear-down (RED) and 75° left-ear-down 
(LED)]. The presentation of the arrow started 10s after the turntable came to a full stop. 72 
trials (24 trials in each roll position) were recorded per subject and sorted according to body 
roll orientation and direction of arrow rotation. We used the right-hand rule for the torsional 
directions (CW as seen by the subject: positive).  
RESULTS 
Since the direction of arrow rotation did not significantly affect the final arrow roll 
orientation, data from CW and CCW trials were pooled. In upright position, SVV deviated 
only slightly from earth-vertical both in patients (-0.9 ± 4.1°; average ± 1 SD) and controls 
(0.8 ± 2.5°), as shown in Fig. 1. 
/ Figure 1 about here / 
In roll-tilted positions, deviations were markedly increased and directed towards the side of 
body roll, consistent with roll underestimation (A-effect, for review see Howard 1982). This 
was true both for patients (75° RED: 12.9 ± 13.5°; 75° LED: -12.9 ± 12.3°) and controls (75° 
RED: 9.7 ± 9.2°; 75° LED: -11.2 ± 9.4°). No significant differences of SVV deviations 
between the two groups were found (non-parametric Wilcoxon rank sum test, p > 0.05). Inter-
individual variability was larger for the patients than for the controls, underlining the 
heterogeneity of the patients’ group. When comparing the intra-individual variability, which 
is a measure of precision of SVV adjustments, both patients (4.9 ± 1.8° and 4.8 ± 1.4°; 75° 
RED and 75° LED) and controls (4.2 ± 2.4° and 4.7 ± 1.3°; 75° RED and 75° LED) showed 
increased variabilities in roll-tilted orientations relative to upright (2.8 ± 3.3° vs. 1.5 ± 0.5°; 
patients vs. controls), as depicted in Fig. 2. Comparing intra-individual variabilities of both 
patients and controls, no significant differences were found (Wilcoxon rank sum test, p > 
0.05). 
/ Figure 2 about here / 
DISCUSSION 
Our findings suggest that the perception of verticality in patients with degeneration 
predominantly of the midline cerebellar structures may only deteriorate in a more advanced 
stage of the disease, whereas postural imbalance is often an early sign. Balance therefore 
seems to be impaired in these patients despite of a functionally intact perception of the gravity 
vector, which suggests that the postural ataxia is due to disordered sensorimotor 
transformation of graviceptive information or predominantly motor deficits.  
 
LEGENDS 
Figure 1: Average SVV deviations relative to earth-vertical ± 1 SD plotted against head roll 
are shown for patients (filled squares) and age-matched controls (empty circles).  
 
Figure 2: Average intra-individual variabilities ± 1 SD are plotted against head roll, both for 
patients (filled squares) and age-matched controls (empty circles).  
 REFERENCES 
Brandt, T., Dieterich, M. (1987) Pathological eye-hed coordination in roll: tonic ocular tilt 
reaction in mesencephalic and medullary lesions. Brain, 110, pp. 649-666. 
Brandt, T., Dieterich, M. Danek, A. (1994) Vestibular cortex lesions affect the perception of 
verticality. Ann. Neurol., 35, no. 4, pp. 403-412. 
Dieterich, M., Brandt, T. (1993) Thalamic infarctions: differential effects on vestibular 
function in the roll plane (35 patients). Neurology, no. 9, pp. 1732-1740. 
Dieterich, M., Brandt, T. (1992) Wallenberg’s syndrome: lateropulsion, cyclorotation and 
subjective visual vertical in thirty-six patients. Ann. Neurol., 31, no. 4, pp. 399-408. 
Halmagyi, G.M., Brandt, T., Dieterich, M., Curthoys, I.S., Stark, R.J.,Hoyt, W.F. (1990) 
Tonic contraversive ocular tilt reaction due to unilateral meso-diencephalic lesion. 
Neurology, no. 10, pp. 1503-1510. 
Howard, I.P. (1982) Human visual Orientation. Wiley, New York. 
Leigh, R.J., Zee, D.S. (2006) The neurology of eye movements, 4th edition. Oxford University 
Press, New York. 
Mossman, S., Halmagyi, G.M. (1997) Partial ocular tilt reaction due to unilateral cerebellar 
lesion. Neurology, no. 49, pp. 491-493.   
Yelnik, A.P., Lebreton, F.O., Bonan, I.V., Colle, F.M., Meurin, F.A., Guichard, J.P., Vicaut, 
E. (2002) Perception of verticality after recent cerebral hemispheric stroke. Stroke, no. 
33, pp. 2247-2253. 
 
 
-75 0 75
-30
-20
-10
0
10
20
30
a
rro
w
 ro
ll 
re
la
tiv
e 
to
 e
a
rth
 v
e
rti
ca
l [
°]
head roll [°]
 
patients
age-matched controls
CW
CCW
-75 0 75
0
2
4
6
in
tra
-in
di
vi
du
al
 v
a
ria
bi
lity
 [°
]
head roll [°]
 
 
patients
age-matched controls
